Requested Patent: GB2090467A 
Title: 

LOW CAPACITANCE SELF-ALIGNED SEMICONDUCTOR ELECTRODE 
STRUCTURE AND METHOD OF FABRICATION ; 

Abstracted Patent: GB2090467 ; 

Pu blication Date: 1 982-07-07 ; 

Inventors): ; 

Applicants): GTE LABORATORIES INC ; 

Application Number GB1 981 0038538 1981 1222 ; 

Priority Number(s): US1 980021 9473 19801223 ; 

IPC Classification: H01L21/44; H01L29/80 ; 

Equivalents: CA1167981, DE3150775, IT1 1 42632, JP57 130479 ; 

ABSTRACT: 

A semiconductor electrode structure with low parasitic capacitance is produced by a method for 
forming low capacitance first and second electrodes 34 24 in the semiconductor device, which 
may be a static induction transistor, while avoiding the requirement for precision mask alignment 
and mask to mask registration. During formation of electrode contacts, the first electrode 24 is 
protected by silicon nitride (22) and a low resistivity silicon layer (26) is grown over the 
semiconductor wafer, forming epitaxial regions (28) over the second electrodes (24) and a 
polycrystalline region (30) over protected portions of the wafer. The silicon layer is selectively 
etched by a mixture which removes the polycrystalline region (30) but does not appreciably affect 
the epitaxial regions (28). Second electrode metallic contacts are made in enlarged regions of the 
second electrodes where mask alignment is not critical. The reduction in contact window overlap 
by metallic contacts reduces parasitic capacitance. 



UK Patent Application „ 91 GB «,„ 2 090 467 A 



(21) Application No 8138538 

(22) Date of filing 
22 Dec 1981 

(30) Priority data 

(31) 219473 

(32) 23 Dec 1980 

(33) United States of America 
(US) 

(43) Application published 
7 Jul 1982 

(51) INT CL* HOI L 21/44 
29/80 

(52) Domestic classification 
H1K 1CB 3E1M 3E5A 
3E5D 3P2Y 3P5 3T1C 
3U6A4C1U 5C3A 5C3G 
8 PC 9D1 9R2 CB MW 

(56) Documents cited 

None 
(58) Field of search 

H1K 

(71) Applicant 

GTE Laboratories 

Incorporated 

100 West 10th Street 

Wilmington 

Delaware 

United States of 

America 

(72) Inventor 
Adrian I Cogan 

(74) Agents 
Gee & Co 
Chancery House 
Chancery Lane 
London WC2A 1 QU 



(54) Low capacitance self-aligned 
semiconductor electrode structure 
and method of fabrication 

(57) A semiconductor electrode 
structure with low parasitic capaci- 
tance is produced by a method for 
forming low capacitance first and 
second electrodes 34 24 in the 
semiconductor device, which may 
be a static induction transistor, 
while avoiding the requirement for 
precision mask alignment and mask 
to mask registration. During forma- 
tion of electrode contacts, the first 
electrode 24 is protected by silicon 
nitride (22) and a low resistivity 
silicon layer (26) is grown over the 
semiconductor wafer, forming epi- 
taxial regions (28) over the second 
electrodes (24) and a polycrystalline 
region (30) over protected portions 
of the wafer. The silicon layer is 
selectively etched by a mixture 



which removes the polycrystalline 
region (30) but does not apprecia- 
bly affect the epitaxial regions (28). 
Second electrode metallic contacts 
are made in enlarged regions of the 
second electrodes where mask alig- 
nment is not critical. The reduction 
in contact window overlap by met- 
allic contacts reduces parasitic ca- 
pacitance. 
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SPECIFICATION 

Low capacitance self-aligned semiconductor 
electrode structure and method of fabrica- 
5 tion 

This invention relates to high frequency semi- 
conductor devices and, more particularly, to 
an electrode structure with low parasitic ca- 

10 pacitance and a method for fabricating low 
capacitance electrodes in a semiconductor de- 
vice while avoiding the requirement for preci- 
sion mask alignment. 
Semiconductor devices designed for high 

1 5 frequency operation require electrodes having 
extremely small dimensions and must be fabri- 
cated under extremely tight dimensional con- 
trol to minimize stray capacitance and series 
resistance. Devices designed for operation at 

20 or above one gigahertz utilize electrode widths 
of one or two microns and electrode separa- 
tions of a few microns. Photolithographic 
alignment and mask to mask registration, 
therefore, requires a precision of a few tenths 

25 of a micron. Such requirements make process- 
ing of high frequency semiconductor devices 
costly and difficult. 

One example of a device requiring precision 
alignment and mask to mask registration is 

30 the static induction transistor, a field effect 
device which exhibits excellent high power 
and high frequency capabilities. The static 
induction transistor (SIT) typically utilizes a 
vertical geometry. Source and drain contacts 

35 are placed on opposite sides of a thin, high- 
resistivity layer of one conductivity type. Gate 
regions of the opposite conductivity type are 
diffused into the high resistivity layer on oppo- 
site sides of the source. Gate and source 

40 widths are typically 1 .5 microns while the 
gate to source spacing is typically 5 microns. 
A slight mask misalignment can result in 
short-circuited semiconductor devices or can 
degrade device performance. Furthermore, the 

45 parasitic capacitance associated with metallic 
contact overlap degrades device performance. 
It is, therefore, desirable to provide an elec- 
trode structure in which the parasitic capaci- 
tance associated with metallic contact window 

50 overlap is reduced and to provide a method 
for fabricating low capacitance elecctrodes in 
semiconductor devices while avoiding the re- 
quirement for precision mask alignment and 
mask to mask registration. 

55 According to the present invention there is 
provided a method for forming self-aligned 
first and second electrodes in a semiconductor 
device while avoiding the requirement for pre- 
cision mask alignment and mask to mask 

60 registration. A first oxide layer is grown on a 
silicon semiconductor wafer in which the first 
and the second electrodes are to be formed. 
First and second windows are opened in the 
first oxide layer. A protective silicon nitride 

65 layer is deposited in the first window. The 
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semiconductor wafer is doped with impurities 
through the second window, thereby forming 
the second electrode. A silicon layer of the 
same conductivity type as the second elec- 
70 trode is grown over the wafer. The silicon 
layer grows as a low resistivity monocrystal- 
line region over the second electrode and as a 
polycrystalline region over the remainder of * 
the wafer. The wafer is exposed to a first 
75 etching solution which removes the polycrys- 
talline region but which has little effect on the 
monocrystalline region. A second oxide layer 
is grown on the wafer in a low temperature, 
high-pressure process. The wafer is then ex- 
80 posed to a second etching solution which 
removes the silicon nitride layer from the first 
window without affecting the oxide layers. 
The semiconductor wafer is doped with impu- 
rities through the first window thereby form- 
85 ing the first electrode. A contact window is 
opened through the second oxide layer to the 
monocrystalline region. Finally, metal is pat- 
terned and deposited over the contact window 
and the first electrode for making electrical 
90 contact to the first and second electrodes. The 
silicon layer is typically grown in an epitaxial 
reactor by chemical vapor deposition. One 
example of a semiconductor device to which 
the method of the present invention is applica- 
95 ble is the static induction transistor. 

According to another aspect of the present 
invention, there is provided a field effect semi- 
conductor device having low parasitic capaci- 
tance. The device includes a high resistivity 

1 00 layer of semiconductor material of one con- 
ductivity type with a low resistivity source 
electrode formed on a first surface thereof and 
a low resistivity drain electrode formed on a 
second surface thereof. Low resistivity gate 

1 05 electrodes of the opposite conductivity type 
are formed on the first surface of the high 
resistivity layer on opposite sides of the source 
electrode. Very low resistivity monocrystalline 
silicon gate contacts are disposed on the gate 

1 1 0 electrodes without overlap thereof. The gate 
contacts have the same conductivity type as 
the gate electrodes and include enlarged por- 
tions to which electrical contact is made by a 
gate metallization. The gate and source elec- 

115 trodes can have the form of parallel strips in 
the first surface of the high resistivity layer 
with the enlarged portions of the gate con- 
tacts located at one end of the parallel strips. 
The invention is illustrated by way of exam- 

120 pie in the accompanying drawings, in 
which: — 

Figure 7 is a cross-sectional view of a 
semiconductor wafer after opening of gate 
and source windows in a first oxide layer; 

1 25 Figure 2 is a cross-sectional view of the 
semiconductor wafer of Fig. 1 after deposition 
of a silicon nitride layer in the source window; 

Figure 3 is a cross-sectional view of the 
semiconductor wafer shown in Fig. 2 after 

1 30 doping of the gate electrodes; 
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Figure 4 is a cross-sectional view of the 
semiconductor wafer shown in Fig. 3 after 
growth of a silicon layer over the wafer; 

Figure 5 is a cross-sectional view of the 
5 semiconductor wafer shown in Fig. 4 after 
etching of the polycrystalline portion of the 
silicon layer; 

Figure 6 is a cross-sectional view of the 
semiconductor wafer shown in Fig. 5 after 
1 0 growth of a second oxide layer; 

Figure 7 is a cross-sectional view of the 
semiconductor wafer shown in Fig. 6 after 
etching of the silicon nitride layer and doping 
of the source electrode; 
1 5 Figure 8 is a top view of the semiconductor 
wafer shown in Fig. 7 after deposition and 
patterning of the source and gate metalliza- 
tions; 

Figure 9 is a cross-sectional view of the 

20 semiconductor wafer shown in Fig. 8; 

Figure 10 is a cross-sectional view of the 
semiconductor wafer shown in Fig. 7 illustrat- 
ing an alternative method of making electrical 
contact to the source electrode; and 

25 Figure 7 7 is a top view of the semiconduc- 
tor wafer shown in Fig. 10 illustrating the 
source and gate metallizations. 

For a better understanding of the present 
invention together with other and further ob- 

30 jects, advantages and capabilities thereof ref- 
erence is made to the following disclosure and 
appended claims in connection with the above 
described drawings. 
A method for forming self-aligned first and 

35 second electrodies in a semiconductor device 
while avoiding the requirement for precision 
mask alignment and mask to mask registra- 
tion is described by way of example in con- 
necton with a vertical geometry static induc- 

40 tion transistor (SIT). The SIT includes source 
and drain electrodes on opposite sides of a 
thin, high-resistivity layer of one conductivity 
type and gate electrodes of the opposite con- 
ductivity type in the high resistivity layer on 

45 opposite sides of the source. For operation in 
the one gigahertz frequency range, it is neces- 
sary that the widths and spacing of the gate 
and source electrodes be on the order of a 
few microns. 

50 Referring now to Fig. 1, there is shown a 
partial cross-sectional view of a semiconductor 
wafer 1 0. A high resistivity epitaxial layer 1 2 
is grown on a highly doped substrate 1 4 of 
one conductivity type. In a typical device the 

55 substrate 14 provides mechanical support and 
is about 200 microns in thickness while the 
epitaxial layer 1 2 is about 7 to 1 0 microns in 
thickness and has a resistivity of at least 30 
ohms centimeters. Next, a silicon dioxide layer 

60 1 6 is grown on the upper surface of the 
epitaxial layer 12. Trie oxide layer 16 can be 
formed by known methods such as exposing 
the semiconductor wafer 1 0 to an oxygen and 
steam ambient at about 1 100°C. Gate win- 

65 dows 18 and a source window 20 are formed 



in the oxide layer 1 6 in the next step. In a 
typical method of forming windows 1 8 and 
20, a photoresist material is applied to the 
upper surface of the oxide layer 1 6, exposed 
70 through a patterned mask, and developed. 
The exposed portions of the oxide layer 1 6 
are etched by a suitable solution such as 
buffered HF, or NH 4 :HF, to form the windows 
18 and 20. Since the gate windows 18 and 
75 the source window 20 are formed at the same 
time no alignment is required during this step. 

Referring now to Fig. 2, the semiconductor 
wafer 1 0 is shown after deposition of a silicon 
nitride layer 22 in the source window 20 
80 according to the next step of the process. A 
typical method of forming the silicon nitride 
layer 22 is by chemical vapor deposition from 
ammonia at about 800°C. While a mask is 
required for patterning the silicon nitride, pre- 
85 cision alignment of the mask is not required. 
The dimension of the mask aperture is made 
larger than the dimension of the source win- 
dow 20 so that the silicon nitride layer 22 
overlaps the source window 20. Overlap of 
90 the silicon nitride layer 22 is not a problem as 
long as it does not extend into the gate 
windows 18. The silicon nitride layer 22 
protects the high resistivity epitaxial layer 12 
beneath the source window 20 during the 
95 succeeding steps of the process. 

In the next step of the process the epitaxial 
layer 1 2 is doped through the gate windows 
1 8 to form gate electrodes 24, as shown in 
Fig. 3. The gate electrodes 24 can be formed 

100 by standard methods of ion implantation and 
drive-in diffusion or by prediffusion and drive- 
in diffusion. In the example of the static 
induction transistor, the gate electrodes 24 
have low resistivity and are of the opposite 

1 05 conductivity type from the epitaxial layer 1 2. 
This step requires no alignment. 

The semiconductor wafer 10 is now intro- 
duced into an epitaxial reactor for growth of a 
silicon layer 26 over its top surface as shown 

1 10 in Fig. 4. The silicon layer 26 is grown by 
standard chemical vapor deposition tech- 
niques from a SiH 4 -H 2 gas system at a tem- 
perature between about 950X and 1000X. 
In the growth of the silicon layer 26, mono- 

115 crystalline, or epitaxial, regions 28 are formed 
in the gate windows 18 as a continuation of 
the crystal structure of the gate electrodes 24. 
A polycrystalline region 30 is formed over the 
remainder of the semiconductor wafer 1 0, 

1 20 inctuding the oxide layer 1 6 and the silicon 
nitride layer 22. The monocrystalline regions 
28 grow at a faster rate and become thicker 
than the polycrystalline region 30. Since the 
monocrystalline regions 28 act as the contacts 

1 25 to the gate electrodes 24, these regions are 
formed with the same conductivity type as the 
gate electrodes 24 and have low resistivity. In 
the present example, the monocrystalline re- 
gions 28 are grown to about 15,000 ang- 

130 stroms in thickness. 
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It is possible, by controlling the epitaxial 
growth conditions, to reduce the rate of 
growth of the undesired polycrystalline region 
30. When the Si 4 -H 2 gas system is used, 
5 growth temperatures of about 1 200°C mini- 
mize growth of the polycrystalline region 30 
on Si0 2 . However, unacceptable impurity re- 
distribution can occur in the semiconductor 
wafer 10 at 1200°C. Therefore, lower temper- 

10 atures are preferred. As described hereinafter, 
the polycrystalline region 30 can be removed 
by etching techniques. 

The silicon layer 26 can be alternatively be 
grown using a SiCU-HCI-Hj gas system. The 

1 5 use of silicon chlorides with HCI was de- 
scribed by R. K. Smeltzer, in "Epitaxial Depo- 
sition of Silicon in Deep Grooves", J. Electro- 
chem. Soc.: Solid State Science and Technol- 
ogy, 112, No. 12, p. 1666 (1975). When a 

20 silicon chloride gas system is used, the 
growth of the polycrystalline region 30 over 
silicon dioxide can be reduced by controlling 
the concentration of HCI in the system. 
The silicon layer 26 is exposed in the next 

25 step to an etching solution which etches the 
polycrystalline region 30 at a faster rate than 
the monocrystalline regions 28. During this 
etching step the polycrystalline region 30 is 
removed while the monocrystalline region 28 

30 remains, as shown in Fig. 5. One etching 
solution which can be used to remove the 
polycrystalline region 30 is buffered HF, or 
NF 4 F:HF, in a ratio between 1:5 and 1:10. 
The buffered HF filters through the relatively 

35 porous polycrystalline region 30 and attacks 
the surface of the silicon dioxide layer 1 6, 
causing the polycrystalline region 30 to lift 
off, or peel off, the surface. No such effect 
occurs in the monocrystalline regions 28. An 

40 alternative mixture, which operates by selec- 
tive etching rather than lift-off, is potassium 
hydroxide and n-propanol. In selective etch- 
ing, the polycrystalline region 30 is etched at 
a higher rate than the monocrystalline regions 

45 28. Another selective etching mixture is ethy- 
lenediamine, catechol and water. One suitable 
example of this mixture is 46.4 mole % 
ethylenediame, 4.2 mole % catechol, and 
49.4 mole % water and an etching tempera- 

50 ture of about 80°C is used. 

After the polycrystalline region 30 of the 
silicon layer 26 has been removed, a second 
oxide layer 32 is grown over the surface of 
the semiconductor wafer 1 0 as shown in Fig. 

55 6. In reality, the oxide layer 32 is a continua- 
tion of the growth of the oxide layer 1 6. 
However, the oxide layer 32 is separately 
identified in Fig. 6 for purposes of clarity. The 
oxide layer 32 does not grow over the silicon 

60 nitride layer 22 but lifts the edges of the 
silicon nitride layer 22 by a small amount as 
is known in the art. To avoid impurity redistri- 
bution in the semiconductor wafer 1 0, a low 
temperature, high-pressure oxidation process 

65 is utilized. Typically, a temperature of about 
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950°C and a pressure of about 10 atmo- 
spheres are used for growth of the oxide layer 
32. 

The silicon nitride layer 22 is then stripped 
70 off the wafer 1 0 to provide access to the 
source window 20, as shown in Fig. 7. The 
silicon nitride layer 22 can be removed by 
known methods such as exposure to phos- 
phoric acid at about 80 °C or plasma etching. 
75 In this step, the oxide layers 16 and 32 are 
left intact. Next, a thin source electrode 34 is 
formed by ion implanation or diffusion of 
impurities. In the static induction transistor, 
the source lectrode 34 has low resistivity and 
80 is of the same conductivity type as the epitax- 
ial layer 12. 

A partial top view of the semiconductor 
wafer 10 is shown in Fig. 8. The monocrystal- 
line regions 28 which cover the gate elec- 
85 trodes 24 are in the form of elongated strips 
and are buried under the oxide layer 32. The 
monocrystalline regions 28 include enlarged 
portions 36 at one end thereof. In the next 
step of the process of the present invention, 
90 gate contact windows 38 are opened in the 
oxide layers over the enlarged portions 36 
utilizing the process described hereinabove in 
connection with the opening of windows 1 8 
and 20. The use of enlarged portions 36 
95 obviates the requirement for precision mask 
alignment in this step. 

In a metallization step, metallic gate and 
source contacts are deposited and patterned. 
A gate contact 40 includes fingers 42, which 

100 extend over the gate contact windows 38 for 
making electrical contact to the monocrystal- 
line regions 28, and a relatively large region 
for external lead attachment. A source contact 
42 includes a finger 46, as shown in Figs. 8 

105 and 9, in the source window 20, for making 
electrical contact to the source electrode 34, 
and a relatively large region for external lead 
attachment. The metallic contacts are typically 
made by sputtering of aluminum including 

110 2% silicon. An appropriate mask produces the 
metallic contact patterns. While the metalliza- 
tion mask requires reasonably precise 
alignment to ensure proper placement of the 
source contact 42, a small misalignment of 

115 the source contact 42 does not seriously de- 
grade the performance of the static induction 
transistor. Mask alignment is also less critical 
with respect to the gate contact 40 since the 
device dimensions are larger in the region of 

120 the gate contact windows 38 than in the 

elongated strip portions of the monocrystalline 
regions 28. 

It is to be understood that Figs. 1 -9 illus- 
trate only a portion of the semiconductor 

125 wafer 10. A complete static induction transis- 
tor typically includes multiple source elec- 
trodes in an array of parallel strips. Parallel 
gate electrodes are located between each pair 
of source electrodes. The source electrodes 

1 30 and gate electrodes, respectively, are con- 
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nected in parallel to form a device with the 
desired power handling capability. 

The completed SIT with low capacitance 
self-aligned gate electrodes is illustrated in 
5 Figs. 8 and 9. An ohmic contact 48 is at- 
tached to the bottom surface of the substrate 
14 and constitutes the drain contact for the 
device. By way of specific example, a high 
frequency SIT can be fabricated with the 

10 substrate 14 having a resistivity of about .01 
ohm centimeter, the high resistivity layer 1 2 
having a resistivity of at feast 30 ohm centi- 
meters, the gate electrodes 24 having an 
impurity surface concentration of 10 18 crn~ 3 , 

1 5 the monocrystalline regions 28 having a resis- 
tivity of less than 0.1 ohm centimeters, and 
the source electrode having a resistivity of less 
than 0.1 ohm centimeter. Gate and source 
electrodes are typically 1 .5 to 2.5 microns in 

20 width and are spaced apart by 4 to 5 microns. 
Gate and source electrode depths are typically 
2.5 to 3 microns and 0.3 microns, respec- 
tively. Further details regarding the construc- 
tion and operation of static induction transis- 

25 tors are disclosed by Nishizawa et al in U.S. 
Patent Nos. 3,828,230 and 4,199,771; by 
Nishizawa et al in "Field Effect Transistor 
Versus Analog Transistor (Static Induction 
Transistor)," IEEE Transactions on Electron 

30 Devices, Vol. ED-22, No. 4, April 1975; and 
Nishizawa et al in "High Frequency High 
Power Static Induction Transistor," IEEE Tran- 
sactions on Electron Devices, Vol. ED-25, No. 
3, March 1978. 

35 In an alternative approach, the source con- 
tact is formed as a monocrystalline silicon 
region over the source electrode, as shown in 
Figs. 1 0 and 1 1 . The device is fabricated in 
the manner described hereinabove up to and 

40 including the step of stripping the silicon 
nitride layer 22. Then a second silicon layer, 
having the same condutivity type as the epi- 
taxial layer 1 2 but having very low resistivity, 
is grown over the semiconductor wafer 10, as 

45 described hereinabove in connection with the 
silicon layer 26. The second silicon layer 
inludes a monocrystalline region 50 over the 
source electrode 34 and a polycrystalline re- 
gion (not shown) over the remainder of the 

50 semiconductor wafer 10. The second silicon 
layer is then exposed to an etching solution 
which removes the polycrystalline region but 
does not attack the monocrystalline region 
50. Suitable etching solutions are described 

55 hereinabove. After etching of the second sili- 
con layer, a protective oxide layer 52 is grown 
over the semiconductor wafer 1 0. During the 
oxidation step, the source electrode 34 is 
formed by outdiffusion from the highly doped 

60 region 50. 

The monocrystalline region 50 which covers 
the source electrode 34 includes an enlarged 
portion 54 at one end thereof as illustrated in 
Fig. 11. Gate contact windows 38 and source 

65 contact windows 56 are opened in the oxide 



layers over the enlarged portions 36 and 54, 
respectively, utilizing the process described 
hereinabove in connection with the opening of 
windows 1 8 and 20. Because of the relatively 
70 large dimensions of the enlarged portions 36 
and 54, precision mask alignment is not re- 
quired. 

A metallic gate contact 40 includes fingers 
42, which make electrical contact to the mo- 

75 nocrystalline regions 28, and a larger region 
for lead attachment, as described hereina- 
bove. A metallic source contact 58 includes a 
finger 60, which extends over the source 
contact window 56 for making electrical con- 

80 tact to the monocrystalline region 50, and a 
larger region for lead attachment. The con- 
tacts 40 and 58 are made by sputtering of 
aluminum including 2% silicon. An appropri- 
ate mask produces the metallic contact pat- 

85 terns. Since the metallic contacts are aligned 
only with the enlarged portions 36 and 54, 
precision alignment of the metallization mask 
is not required. 
The completed SIT with low capacitance 

90 self-aligned gate and source electrodes, as 
illustrated in Figs. 10 and 1 1, can have the 
parameters of the device shown in Figs. 8 and 
9 and described hereinabove. The monocrys- 
talline region 50 can have a resistivity of less 

95 than 0.1 ohm centimeter. 

Thus, there is provided by the present in- 
vention an electrode structure in which the 
parasitic capacitance associated with metallic 
contact window overlap is reduced. The re- 
100 duction in contact window overlap by metallic 
contacts results in a significant reduction in 
parasitic capacitance and an improvement in 
high frequency device performance. Further- 
more, there is provided a method for fabricat- 
105 ing closely spaced electrodes in a high fre- 
quency semiconductor device while avoiding 
the requirement for precision mask alignment 
and mask to mask registration. 
While there has been shown and described 
110 what it at present considered the preferred 
embodiments of the invention, it will be obvi- 
ous to those skilled in the art that various 
changes and modifications may be made 
therein without departing from the scope of 
115 the invention as defined by the appended 
claims. 

CLAIMS 

1 . A method for forming self-aligned first 
120 and second electrodes in a semiconductor 

device while avoiding the requirement for pre- 
cision mask alignment and mask registration, 
said method comprising the steps of: 
growing a first oxide layer on a silicon 
1 25 semiconductor wafer in which said first and 
second electrodes are to be formed; 

opening first and second windows in said 
first oxide layer; 
depositing a protective silicon nitride layer 
1 30 in said first window; 
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doping said semiconductor wafer through 
said second window thereby forming said sec- 
ond electrode; 

growing a silicon layer of the same conduc- 
5 tivity type as said second electrode over said 
wafer, said silicon layer growing as a low 
resistivity monocrystalline region over said 
second electrode and as a polycrystalline re- 
gion over the remainder of said wafer; 
1 0 exposing said wafer to a first etching solu- 
tion which removes said polycrystalline region 
but which has little effect on said monocrys- 
talline region; 

growing a second oxide layer on said wafer 
1 5 in a low temperature, high-pressure process; 

exposing said wafer to a second etching 
solution which removes said silicon nitride 
layer from said first window without affecting 
said oxide layers; 
20 doping said semiconductor wafer through 
said first window thereby forming said first 
electrode; 

opening a contact window through said 
second oxide layer to an enlarged portion of 

25 said monocrystalline region; and 

depositing and patterning metal oversaid 
contact window and said first electrode for 
making electrical contact to said first and 
second electrodes. 

30 2. The method as defined in claim 1 
wherein said silicon layer is grown in an 
epitaxial reactor by chemical vapor deposition. 

3. The method as defined in claim 2 
wherein said silicon layer is grown at a tem- 

35 perature between about 950°C and 1000°C. 

4. The method as defined in claim 2 
wherein said doping through said first and 
second windows includes forming of said first 
and second electrodes by diffusion. 

40 5. The method as defined in claim 2 
wherein said doping through said first and 
second windows includes forming of said first 
and second electrodes by ion impantation. 

6. The method as defined in claim 2 
45 wherein said first etching solution includes 

NH 4 F:HF in a ratio between 1:5 and 1:10, 
said first etching solution being operative to 
lift said polycrystalline region off said wafer. 

7. The method as defined in claim 2 
50 wherein said first etching solution includes 

potassuim hydroxide and n-propanol. 

8. The method as defined in claim 2 
wherein said first etching solution includes 
ethylenediamine, catechol, and water. 

55 9. A method for forming self-aligned gate 
and source electrodes in a static induction 
transistor while avoiding the requirement for 
precision mask alignment and mask to mask 
registration, said method comprising the steps 

60 of: 

growing a first oxide layer over a high 
resistivity epitaxial silicon layer on a semicon- 
ductor wafer; 

opening gate and source windows in said 
65 first oxide layer; 



depositing a protective silicon nitride layer 
in said source window; 

doping said high resistivity epitaxial silicon 
layer through said gate window thereby form- 
70 ing said gate electrode; 

placing said wafer in an epitaxial reactor in 
which a low resistivity silicon layer of the 
same conductivity type as said gate electrode 
is grown over said wafer, said low resistivity 
75 silicon layer growing as a monocrystalline 
region over said gate electrode and as a 
polycrystalline region over said first oxide 
layer and said silicon nitride layer; 

exposing said wafer to a first etching solu- 
80 tion which removes said polycrystalline region 
but which has little effect on said monocrys- 
talline region; 

growing a second oxide layer on said wafer 
under low temperature, high-pressure condi- 

85 tions; 

exposing said wafer to a second etching 
solution which removes said silicon nitride 
layer from said source window without affect- 
ing said oxide layers; 
90 doping said high resistivity epitaxial silicon 
layer through said source window thereby 
forming said source electrode; 

opening a gate contact window through 
said second oxide layer to an enlarged portion 
95 of said monocrystalline region; and 

depositing and patterning metal over said 
gate contact window and said source elec- 
trode for making electrical contact to said 
source and gate electrodes. 
1 00 10. The method as defined in claim 9 
wherein said low resistivity silicon layer is 
grown at a temperature between about 950°C 

and 1000X. 

1 1 . The method as defined in claim 9 

1 05 wherein said first etching solution includes 
NH 4 F:HF in a ratio between 1 :5 and 1:10, 
said first etching solution being operative to 
lift said polycrystalline region off said wafer. 

1 2. The method as defined in claim 9 
110 wherein said monocrystalline region is be- 
tween 0.5 and 1.5 microns in thickness. 

13. A method for forming self-aligned first 
and second electrodes in a semiconductor 
device while avoiding the requirement for pre- 

1 1 5 cision mask alignment and mask to mask 

registration, said method comprising the steps 
of: 

growing a first oxide layer on a silicon 
semiconductor wafer in which said first and 
1 20 second electrodes are to be formed; 

opening first and second windows in said 
first oxide layer; 

depositing a protective silicon nitride layer 
in said first window; 
1 25 doping said semiconductor wafer through 
said second window thereby forming said sec- 
ond electrode; 

growing a first silicon layer of the same 
conductivity type as said second electrode 
1 30 over said wafer, said first silicon layer growing 
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as a low resistivity monocrystalline region over 
said second electrode and as a first polycrys- 
talline region over the remainder of said 
wafer; 

5 exposing said wafer to a first etching solu- 
tion which removes said first polycrystalline 
region but which has little effect on said 
monocrystalline region over said second elec- 
trode; 

1 0 growing a second oxide layer on said wafer 
in a low temperature, high-pressure process; 

exposing said wafer to a second etching 
solution which removes said silicon nitride 
layer from said first window without affecting 

1 5 said oxide layers; 

growing a second silicon layer of the same 
conductivity type as said first electrode over 
said wafer, said first silicon layer growing as a 
low resistivity monocrystalline region over said 

20 first electrode and as a second polycrystalline 
region over the remainder of said wafer; 

exposing said wafer to the first etching 
solution which removes said second polycrys- 
talline region but which has little effect on 

25 said monocrystalline region over said first 
electrode; 

gorowing a third oxide layer on said wafer 
in a low temperature, high-pressure process; 
opening a first electrode contact window 
30 through said third oxide layer to an enlarged 
portion of said monocrystalline region over 
said first electrode and opening a second 
electrode contact through said second and 
third oxide layers to an enlarged portion of 
35 said monocrystalline region over said second 
electrode; and 

depositing and patterning metal over said 
contact windows for making electrical contact 
to said first and second electrodes. 
40 14. A field effect semiconductor device 
having low parasitic capacitance, said device 
comprising: 

a high resistivity layer of semiconductor 
material of one conductivity type; 
45 a low resistivity source electrode formed on 
a first surface of said high resistivity layer; 

a low resistivity drain electrode formed on a 
second surface of said high resistivity layer; 
low resistivity gate electrodes of the oppo- 
50 site conductivity type formed on the first sur- 
face of said high resistivity layer on opposite 
sides of said source electrode; and 

very low resistivity monocrystalline silicon 
gate contacts disposed on said gate electrodes 
55 without overlap thereof, said gate contacts 
having the same conductivity type as said 
gate electrodes and including enlarged por- 
tions to which electrical contact is made by a 
gate metallization, 
60 whereby the parasitic capacitance associ- 
ated with metallic gate contact overlap is 
eliminated. 

1 5. The field effect semiconductor device 
as defined in claim 1 4 further including a very 
65 low resistivity monocrystalline silicon source 



contact disposed on said source electrode 
without overlap thereof, said source contact 
having the same conductivity type as said 
source electrode and including an enlarged 
70 portion to which electrical contact is made by 
a source metallization, 

whereby the parasitic capacitance associ- 
ated with metallic source contact overlap is 
eliminated. 

75 16. The field effect semiconductor device 
as defined in claim 1 5 wherein said gate and 
source contacts are between about 0.5 and 
1.5 microns in thickness. 

1 7. The field effect semiconductor device 
80 as defined in claim 1 4 wherein said gate and 

source electrodes have the form of parallel 
strips in the first surface of said gate contacts 
are located at one end of said parallel strips. 

18. A method of forming a self-aligned 
85 semiconductor electrode structure, substan- 
tially as described herein with reference to the 
accompanying drawings. 

19. A field effect semiconductor device, 
substantially as described herein with refer- 

90 ence to the accompanying drawings. 

20. The features herein described, or their 
equivalents, in any novel selection. 
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